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LIGHT EMITTING DEVICE 
rPOSS-UBFRPTIWrB TO BET.&TED APPT.Tr&TTOWS 

This application is based upon and claims the benefit. 
S of priority from the prior Japanese Patent Application No. 
2001-110676, filed on April 9, 2001; Lhe en Lire contents of 
which are incorporated herein by reference. 

i 

! 

BACKGROUND OP TOE TNVENTPTOM 

10 This invention relates to a light emitting device, in 

particular , having an excellent emission property and a high 
reliability. i 

Light emitting devices combining LEDs (light emitting 
diodes) or other semiconductor light emitting elements and 

15 fluorescent: elements have been remarked as inexpensive, 
long-lived light emitting devices, and are widely used as 
various kinds of indicators , light sources, flat-type display 
devices, backlight of liquid crystal displays , and so forth. 
As typical light emitting devices, there are those 

20 mounting semiconductors light emitting elements in resin 
stems • t 

Figs . 31 A and 3 7B show such a typical conventional. light 
emitting device* Fig* 37A is a plan view showing a 
configuration of the substantially part thereof, and Fig. 

25 37B is a cross-sectional view thereof . 

The light emitting device shown here is of a so-called 
H surface mounting" type, including a package (resin stem) 
800, semiconductor light emitting clement 802 and scaling 
element 804 of a resin. 

30 The resin stem 800 has a structure molding a pair of 

leads 805, 806 shaped from lead frames with a resin portion 
803 of a thermoplas Lie resin. The xesiix pox Lion 603 has an 
opening 801, and the semiconductor light emitting element 
802 is place therein. Then the semiconductor light emitting 

35 element 802 is sealed with an epoxy resin 804. 

The semiconductor light emitting element 802 is mounted 
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on the lead «ub. An electrode (nor shown) of the 
semiconductor light emitting element 802 and the lead 80S 
are connected to each other by a wire 809. When en electric 
power is supplied to the semiconductor light emitting element 

6 802 through those two Icade 805 r 806 # the semiconductor light 
emitting element 802 emits light/ and the lignt is extracted 
from an emission surface 812 via the epoxy reein 804. 

The Inventor, however, made researches and has; found 
that conventional light emitting devices of this type have 

10 still room for improvement from the viewpoint of reliability 
and long-time stability* 

That ie, through temperature cycle tests of 700 cycles 
under temperatures in the range trom -40°C to 11U*C, various 
undesirable phenomena were observed f such as cracks C.in the 

15 epoxy resin 804 as shown in rig. 38 , or exfoliation or the 
cpoxy rcein 804 at the interface I with the resin stem 800. 
Tn some cases, the semiconductor lignt emitting element 802 
broke, or exfoliated from the mount surface, and thp wire 
809 cut down. 

20 The light emitting device shown in Figs. 37A ahd 37B 

certainly meets the requirements currently in fnrn«,', i.<=*., 
100 cycles as the current level of temperature cycle> tests 
requested for ordinary civilian uses, and 300 rrycilp.fi for 
car-borne uses. However, for further improvement of the 

25 reliability toward the future uses, essential review is 

i 

required. 

The came circumstances commonly exist in all structures 
sealing semiconductor elements with epoxy resin, without 
being limited to that shown in Figs. 37A and 37B. 

go As a ram It. of a careful review of mechanisms ot 

malfunctions, the Inventor has realized that the epoxy resins 
804 is physically hard and fragile and produces a large Stress 
upon hardening and that there still exists room for 
improvement in quality of close contact with the resin portion 

35 803 of a thermoplastic resin that surrounds it. 

Apart from this, there are semiconductor devices of a 
type as shown in Figs. 37A and 37B but includinq two or more 
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rhi.ps mounted 1n the opening HU1. 

Those htivinq twu or more semiconductor elements common 
in emission wavelength , for example , are enhanced in output . 
Those having two or more semiconductor elements 
5 different in emission wavelength can provide mixed color f 
thereby to diversify the color representation, in this case/ 
two complementary colors can produce white light* 

It. ia sometimes desirable to mount an element £or 
protectinq the liqht emitting element in a common package. 
10 Incase of a light emitting element of a nitride semiconductor, 
it is olten desirable to connect a Zener diodt; in a parallel 
opposite directions for the purpose of protecting thef light 
emitting element from static electricity* 

However r the light emitting device shown in Pigs. 37A 
IS and 37B cannot provide a sufficient space for mounting the 
chip and for bonding the wire as well . If two chips are packed 
in the narrow opening by force, The optical axis of the light 
emitting element will largely offset from the center 'of the 
opening, and the intensity profile of the emitted 1 ight, i.e. , 
20 luminous intensity property , will become asymmetrical. Then f 
the light emitting device cannot provide a uniform «m.if;fiion 
palLern required in applications such as the back light of 
a liquid crystal display. 

rig. 39 is a schematic diagram showing a plan-viewed 
25 configuration of a light emitting device prepared by the 
inventor for trial toward the present invention. 

The light emitting device ohown here has an 
approvimately rectangular opening 901 formed in a. resin 
portion 903, and chips 902A, 902B mounted on opposed loads 
30 905, 906, respentively, at the bottom of the opening 901. 
Wires 909A, 909B extending from the chips 902A, 902D are 
connected to the opposed leads 906, 905, respectively. 

As a result of evaluation of this liqht emittiiiq device, 
the following problems were found - 
3b The fist problem is that a part of an adhesive extruding 

out upon mounting the chips 902A, 902B causes insufficient 
bonding of the wires 909A, 909B. For mounting the chips 902A, 
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902B to the leads, pastes such as silver paste or solders 
such as gold-tin (AuSn) or gold-germanium (AuCc) solder is 
usually used. 

However, such an adhesive often extrudes on the leads 
5 905, 906 upon mounting. If the extruded adhesive reanhfifi th* 
wire bonding region, it makes it difficult to bond wires 909A, 
909B by thermo compression bonding or ultrasonic welding. 
For example, when a silver paste exists, so-called "breeding* 
occurs, and it makes wire bonding difficult. Even if they 
10 are once bonded, their bonding force will soon degrade 
significantly. 

An attempt of locating the wire bonding site remote from 
the chip for the purpose of preventing that problem will need 
a larger opening 901 against the restriction nn fi.iab- 
10 The second problem lies in that the illustrated 

rectangular shape of the opening 901 causes sid« wall*; of 

i 

the resin portion 903 to be uniformly thin, and makes the 
mechanical strength insufficient. This problem becomes 
serious especially when a suit resin is used as the sealing 

20 element buried in the opening. For example, a silicone resin 
used as the sealing element Is advantageous for reducing the 
residual stress and thereby reducing cracks of the sealing 
element and breakage of the wire. However, in case the side 
wall of the resin portion 903 is thin r the relatively soft 

25 silicone resin often fails to prevent an external lateral 
force to act on the chip and the wire. For example, upon 
picking up t.hpt light, emitting device by grasping trom its 
side surfaces for assembly and a test, the force actually 
acted upon the chip and the wire, and often deformed the wire. 

30 The third problem is that the illustrated rectangular 

shape of the opening 901 need a larger quantity of resin buried 
therein, and sometimes increases the resin stress . The resin 
filled in the opening 901 produces a stress upon curing, or 
thereafter upon an increase of decrease of the temperature. 

35 The degree of the stress depends on the buried quantity 

of the resin, and tends to increase as the buried quantity 
increases . Moreover, as already explained with reference to 
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Fig- 38 , ©poxy resins exhibit: a large stress. 

Therefore, the sealing resin rilled in the illustrated 
rectangular opening 901 produced a large c trace , and is liable 
to cause exfoliation of the chips SO?B r and rip.f nrmation 

5 or breakaqe ul the wires 90 9A, 9 09B. 

That is, the attempt of mounting two or more chips in 
the light emitting device invites various problems 
contravening the requirements about the external dimensions* 

As reviewed above , conventional light emitting devices 
10 were not suitable for mounting a plurality of chips, and had 
room for improvement from the viewpoint of reliability as 
well. 

SUMMARY OF THE INVENTION 

15 According to an embodiment of the invention, there is 

provided a light emitting device comprising; a resin 
portion having an opening, said opening having an 
approximately elliptical or elunqate-circular opening 
shape; a first semiconductor light emitting element 

2i) disposed inside said opening; a semiconductor element 
disposed inside said opening; and a silicone resin provided 
inside said opening to enclose said first semiconductor light 
emitting element and said semiconductor element, said 
silicone resin having a hardness not lower than SO in jtsa 

25 value • 

According to another embodiment ot the invention, there 
is provided another light emitting device comprising: a 
lead; a resin portion embedding at least a part of said lead;a 
first semiconductor light emitting element mounted on said 

30 lead in an opening formed in said resin portion; a 

semiconductor element mounted on said lead in said opening; a 
wire connecting said first semiconductor light emitting 
element and said lead; and a silicone resin provided in 
said opening to enclose said first semiconductor light 

35 emitting element and Raid flftmi conductor element, said 
silicone resin having a hardness not lower than 50 in JISA 
value, said lead having a slit formed therein between 
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a portion where said first semiconductor light emitting 
element is mounted and a portion where said wire is connected. 

Arcorrii ng to another embodiment or the invention, there 
is provided another liqht emitting device comprising* a 

5 first lead; a second lead; a resin portion embedding at 
least a part or said lirst and second leads; a first 
semiconductor light emitting element mounted on said first 
lead in an opening tormed in said resin portion; a 
semiconductor element mounted on said second lead in said 

10 opening; a first wire connecting said tirst semiconductor 
light emitting element and said second lead; a second wire 
connecting said semiconductor element and said first lead; 
and a silicone resin provided in said opening Lo enclose 
said first semiconductor light emitting element and said 

15 semiconductor element, said silicone resin havlnq a hardness 
not lower than 50 in JISA value, said first lead having a 
first slit formed therein between a pox Lion where said first 
semiconductor light emitting element is mounted and a portion 
where said second wire is connected, said second lead 

20 having a second slit formed therein between a portion where 
said semiconductor element is mounted and a portion where 
said first wire is connected. 

According to another embodiment of the invention, there 
is provided another light emitting device comprising* a 

25 first lead; a second lead; a resin portion embedding at 
least a part of said first and second leads; a first 
semiconductor light emitting element mounted on said first 
lead in an opening formed in said resin portion; a 
semiconductor clement mounted on said first lead in said 

HO opening; a iirst wire connecting said first semiconductor 
light emitting element and said second lead; a cccond wire 
connecting said semiconductor element and said second lead; 

and a silicone resin provided in said opening to cnclocc 
said first semiconductor light emitting element and said 
35 semiconductux. element, said silicone resin having a hardness 
not lower than 50 in JISA value, said opening having a 
substantially elliptical ux elongate-circular opening 
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shape, said first semiconductor light emitting element and 
said semiconductor element being arranged along a longer axis 
or a shorter axis of said elliptical or elongate-circular 
opening » 

5 According to another embodiment of the invention r there 

is provided another light emitting device comprising: a 
semiconductor clement; a first semiconductor light emitting 
element mounted on said semiconductor element by a metal 
bump; a silicone resin provided to enclose said semiconductor 
10 element and said first semiconductor light emitting element , 
said silicone resin having a hardness not lower than 50 in 
JISA value. 

According to another embodiment of the invention, there 
is provided another light emitting device comprising: a 

15 semiconductor light emitting element; a silicone resin 
provided to enclose said semiconductor light emitting element, 
said silicone resin having a hardness not lower than 50 in 
JISA value j and a fluorescent element which is included in 
said silicone resin, absorbs light emitted from said 

20 semiconductor light emitting element and releases light of 
a peak: wavelength diiterent trom said light rrom said 
semiconductor light emitting element. 

Tn the present application,, the "elongate-circle" 
means a shape connecting a pair of curved portions by a pair 

25 of substantially straight portions - The curved portions may 
be either regularly arc-shaped or irregularly arc-shaped. 

The present application contemplates , with the term 
"silicone resin" , any resin having as its skeleton a structure 
in which silicon atoms having organic radicals such as alkyl 

3D radicals or aryl radicals are alternately connected to oxygen 
atoms. Needless to say, those containing additive elements 
added to such skeletons are also included in "silicone 
resins" . 

In the present application the "fluorescent element" 
85 may be any having a wavelength converting function, either 
inorganic or organic r including inorganic dyes having a 
wavelexxgLU uuuvtslLiug JCuikjLxuu. 



'02f(UJiO5B(S) 18**90 ®fe:001121^7 67 0 1 $*:KYOWA PATENT, TRY R ; 3 8 6 P. 11/82 

4 8 



RPTBP ftE gORTPTTOM OP THK PRAWTNGS 

The present invention will be understood more fully from 
the detailed description given herebelow and from the 
5 accompanying drawings of the embodiments of the invention. 
However, the drawings are not intended to imply limitation 
of the invention to a specific ftmhodiment , but are Tor 
explanation cuid understanding only. 

In the drawings? 

10 Pigs. 1A and IB show schematic diagrams illustrating 

a configuration of the substantial part of a light emitting 
device according to the first embodiment of the invention, 
in which Pig . 1A is a plan view and Fig. lBiaa cross-sectional 
view taken along Lhe A-A line of Fiq. 1A; 

16 Pig. 2 is a cross-sectional view that schematically 

shows the second specific example regarding «* sealing element 
111 in the light emitting device according to the first 
embodiment; 

Fig. 3 is a cross-sectional view that schematically 
2U shows the third specific example of the light emitting device 
according to the first embodiment; 

Pig. 4 is a cross-sectional view that schematically 
shows the fourth specific example of the light emitting device 
according to the first embodiment; 
25 Fig. 5 is a plan view that schematically shows the fifth 

specific example of the light emitting device according to 
the first embodiment; 

Fig. 6 is a cross-sectional view that schematically 
shows the structure of a seiuicuiiduuLux: liqht emitting element 
30 usable in the configuration shown in Pigs. 1A and IB or Fig. 
b; 

Fig. 7 is a plan view that schematically shows the sixth 
specific ftvample of the light emitting device according to 
the first embodiment; 
35 Fig. 8 is a crnss-Rftntinnal view that shows a structure 

of the semiconductor light emitting element 106D; 
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Pig. 9 is a plan view that schematically shows the 
seventh specific example of the light emitting device 
according to the first embodiment; 

Kig. 10 is a plan view That schematically shows the 
6 eighth specific example of the light emitting device 
according to the first embodiment; 

Fig. 11 is a plan view that schematically shows the ninth 
specific example of the light emitting device acnorriing to 
the first embodiment; 
10 Fig. 12 is a plan view that schematically shows the tenth 

specific example of the liqht emitting device according to 
the first embodiment; 

Fig. 13 is a plan view that schematically shows the 
eleventh specific example of the light emitting device 
15 according to the first embodiment; 

Fig. 14 is a plan view that schematically chowe the 
twelfth specitin example of in the light emitting device 
according to the first embodiment; 

Fig. 15 is a plan view that schematically shows the 
20 thirteenth specific example of the light emitting device 
according to the first embodiment; 

Fig. 16 is a plan view that schematically shows the 
fourteenth specific example of the light emitting device 
according to the first embodiment ; 
26 Fig. 17 is a cross-sectional view that schematically 

shows a configuration of the substantial part o£ a liqht 
emitting device according to the second embodiment of the 
invention; 

Fig. 18A is a cross-sectional view that shows a chip 
30 portion of the light omitting device according to the second 
embodiment in an enlarged scale; 

Fig. 18B is a circuit diagram of an equivalent r.ircuit 
of the light emitting device ducuidiiiy to the second 
embodiment ; 

35 Fig. 19 is a cross -sectional view that schematically 

shows the second specific example regarding the sealing 
element 111 in the light emitting device according to the 
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second embodiment; 

Fig. 20 is 4 <Jj:utifc5-t>ecLloii«il view LhaL schema Lie ally 
shove the third specific example regarding the spaling 
element 111 in the liqht emitting device accordinq to the 
5 second embodiment; 

Fig. 21 is a cross-sectional view that schematically 
shows the fourth specific example regarding the scaling 
element ill in the light emitting device according to the 
second embodiment; 
10 Fig, 22 is a cross -sectional view that schematically 

shows a configuration of the substantial part of a light 
emitting device according to the third embodiment of the 
invention ; 

Figs. 23A through 23C show diagrams that schematically 
15 show intensity profiles of emitted light depending on the 

surface configuration of the sealing element, in which Fig. 

23A shows the intensity profile * or light from the light 

emitting element using a sealing element 111 having a flat 

surface conf iguration. Fig. 233 shows that with a sealing 
20 element 111 having a concave surface conf iguration, and Fig. 

23C shows that with a sealing element 111 having a convex 

surface configuration; 

Fig. 24 is a graph that shows measured changes or 

chroroaticity x with current-supply time; 
25 Fig. 25 is a diagram corresponding to Fig. 2, in which, 

huwevex, Lhe sealing eltuueuL 111 contains <t fluorescent 

element 110; 

Fig. 26 is a diagram corresponding to Fig. 3, In which, 
however, the sealing element 111 contains a fluorescent 
30 element 110; 

Fig. 27 is a diagram corresponding to Fig. 4, in which, 
howp.ver, the sealing element ill contains a fluorescent 
element 110; 

Fig. 28 ik a diagram norrfispondi ng to Fig. 17, in which, 
85 however, Lhe sealing element 111 contains a fluorescent 
element 110; 

Fig. 29 is a diagram corresponding to Fig. 19, in which, 
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however, the sealing element 111 contains a fluorescent 
element 110; ! 

Fig. 30 is a diagram corresponding to ir"ig. 20, in which, 
however, the sealing element 111 contains a fluorescent 
5 element 110; 

Fig. 31 is a diagram corresponding to Fig- 21, in which, 
however, the sealing element 111 contains a t inortescent 
element 110; ; 

Fig. 32 is a cross-sectional view that schematically 
10 shows a configuration or the substantial part of a! light 
emitting device as a specific example according to the third 
embodiment nt the invention; 

Fig. 33 is a cross-sectional view that chows at light 
emitting device having an approximately hemispherical 
15 sealing element 111 and a resin stem 100 including a rosin 
portion 103 configured to bury Ip.ads 1 01 , 102 and sulrround 
them with a low side wall; 

Fig. 34 is a cross -sectional view that schematically 
shows a configuration of the substantial part of a; light 
20 emitting device as a specific example according to th^ third 
embodiment of the invention; | 

Fig- 35 is a cross-sectional view that schematjinall y 
shows a configuration of the substantial part uf a! light 
emitting device as a specific example according to the third 
25 embodiment of the invention; ! 

Fig. 3G is a cross-sectional view that shove a light 
emitting device in which the sealing element 111 containing 
the Iluorescent element 110 is provided only in and on a cup 
portion 601; j 
30 Figs. 37A and 37B show schematic diagrams of a typical 

conventional light emitting device, in which Fig. 37A is a 
plan view illustrating its substantial part, dxid riq. 37B 
is a cross-sectional view thereof; , 

Fig. 38 is a schematic diagram that: shows ho ciacks c 
85 are produced in an epoxy resin 804 and how exf oliationjoocurs 
at t.hfi interface T with the resin stem 800; and 

i 

Fig. 3 9 is a schematic diagram that shows a plan-; viewed 

i 
i 

i 
I 
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configuration of a light emitting device prepared by the 
Inventor in trials toward the present "invention- 

6 some embodiments of tne invention will now be explained 

below with reference to the drawings. 
(First Embodiment) 

As the first embodiment of the invention, here is taken 
a light emitting device using a silicone res i n as the material 
10 of a sealinq element, mid having a unique layout pattern of 
chips - 

Figs. 1A <iud IB show schematic diaqrams illustrating 
a configuration of the substantial part of a light emitting 
device accordinq to the first embodiment of the invention, 
16 in which Pig. 1A is a plan view and Fig . IB is a cross-sectional 
view taken along the a-a line of Fig. 1A. 

The light emitting device 1A shown hero includes a resin 
stem 100, a semiconductor 1 ight emitting element 106A mounted 
on the resin stem 100, a protective Zener diode 106B and a 
9.0 sealing element 111 provided to embed them. 

The resin stem 100 includes leads 101, 102 shaped from 
a lead frame, and a resin portion 103 molded integrally with 
the leads 101, 102. 

The resin portion 103 is typically made of a 
20 thermoplastic resin preferably, for example, of a nylon 
system having inert coupling radicals. 

The thermoplastic resin may be a resin havinq si high 
resistance to heat, such as liquid crystal polymer (LCP), 
polyphenylene sulfide (**S: thermoplastic resin) or 
30 syndiotactic polystyrene (SPSs crystalline polystyrene). 
The plan-viewed outer configuration of the resin portion 103 
may be a substantial square approximately sized 2. 0*2. 0mm 
through 6.0 * 6.0mm, or a substantial rectangular 
approximately sized 2. OX 3. 0mm through 5-0 x 7.0mm. 
35 Eh© leads 101 , 102 have opposed ends close to each other, 

and extend therefrom in the opposite direc Lions to outside 
the resin portion 103. 
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The resin portion 103 has formed an opening 105, and 
the semiconductor light emitting element 106A and the diode 
106D cu.e mounted at the bottom of the opening 105. The 
plan-viewed shape of the opening 10h is approximately 

5 elliptical or approximately elongate-circular as 
illustrated. The inner wall surface of the resin portion 103 
surrounding the elements 106A, 106B inclines to face toward 
the light extraction direction to function as a reflective 
surface 104 for reflecting light. 

10 The light emitting device shown in Pige. 1A and IB is 

characterized in (1) the material of the sealing element 111, 
(2) shape of the opening 105 and (3) layout of the leads and 
the chips in the opening 105. 

Among these features , the material of the coaling 

15 element 111 is explained below in greater detail. 

The invention uses a silicone resin instead of a 
conventional epoxy re6in as the sealing element 111 filling 
the opening 105. 

As compared with epoxy resins, silicone resins are less 

20 fragile and less subjected to cracks . Silicone resins usable 
in the present invention exhibit a high bonding force with 
thA resin portion 103 made of a thermoplastic resin, for 
example, and a high moisture resistance. Additionally, they 
do not cracic or exfoliate so much due to a temperature stress. 

25 Furthermore, such a silicone resin filled in the opening 
produces only a remarkably small resin stress to the light 
emitting element 106A and the Au wire 109. Moreover, 
silicone resins are more resistance to light irradiated from 
the light emitting element 106A than epoxy resins. 

30 The Inventors further developed researches from theme 

viewpoints, as a result, it has been found that the use of 
"rubber- like" silicone resin having a high hardness leads 
to an excellent result. Hardness ox ordinary silicone resins 
ranges from 30 to 40 in JISA hardncce value that is the 

85 hardness of the JIS standard. These silicone resins exhibit 
y el-like physical properties, and arc physically soft- 
These silicone resins are hereinbelow called "gel-like 
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silicone rcsine. 

In contra sr., "rubber-like silicone resins" have a JISA 
hardness in the range of approximately 50 to 90 . Epoxy roe ins 
widely used as the sealing element materials in conventional 
light emitting devices have a JISA hardness around 95. 

The Inventors compared and reviewed both "rubber-like 
silicone resins" and "gel-like silicone resins", and has got 
the following knowledge. 

(1) Light emitting devices of the type shown in Figs. 
1A and IB normally need the process of soldering, called 
"reflow", for fixing outwardly projecting portions of the 
leads 101, 102 (called "outer leads", for example) to a 
packaging substrate locally covered with a solder, in that 
process using heat, gel-like silicone resins inevitably 
beoome soft, and actually, they often exfoliated at the 
interface with the Lesin portion 103. 

In contrast, those phenomena did not occur with 
rubber-like silicone resins, and light emitting devices 
stably operated even under the temperature condition beyond 
20 110°C. 

(2) Since gel-like silicone resine are soft, although 
the stress they give to the light emitting element 10 6A and 
the wires 109A, 10 9B io small, they are weak against the 
external force. That is, the light emitting device as shown 

25 in Figs. 1A and IB is used as a "surface-mounting type- lamp, 
for example, and mounted on a packaging substrate with an 
assembly apparatus . In this process, a vacuum collet of the 
assembly apparatus is often pressed against the surf ar.« ot 
the sealing element 111. in case a gel-like silicone resin 
having a JISA hardness in the range of 30 to 40 is used, the 
sealing element 111 may be deformed by the pressing force 
from the vacuum collet, which in turn may deform the wires 
109A, 109b or give a stress to the light emitting element 
10GA (and/or diode 106D) . 

In contrast, rubber-like silicone resins having a dlSA 
hardness in the range of 50 to 90 are prevented from 
deformation by a selector or an assembler used tor selecting 
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or assembling light; emitting devices. 

As explained in Paragraphs (1) and (2) above, the 
Inventors have continued that the use of a rubber-like 
silicone resin instead of a gel-like silicone resin can 
remarkably improve the emission characteristics, 
reliability, mechanical strength, and so forth. 

A technique for increasing the hardness ot a si I i cone 
resin is to add an agent for givinq a thixotropy index. 

Upon burying a silicone resin, it is poured into the 
opening 10b of the resin stem through a thin nwjesle, and 
thereafter cured. In this process, it is preferable to use 
a silicone resin having a pre-cnr1ng viscosity around lOOcp 
Lhiuuyh lOOOOcp. Thereby, it is possible to fully bury the 
opening including narrow spare*? and to limit the residual 
stress upon curing within a sufficiently low range, without 
giving an excessive stress to the light emitting element 106A 
(diode 109B) and the wire 109A (X09B). 

Based on the knowledge reviewed above, the inventor 
prepared light emit Liny devices according to the embodiment 
as shown in Pigs. 1A and IB by using a rubber-like silicone 
resin having the pre-during viscoaiLy ol lOOOcp and 
post-curing JISA hardness value of 70, and carried out a 
temperature cycle test in the temperature range from -40'C 
Lo 110 6 c. As a result, there occurred absolutely no problems 
of cracks or exfoliation of the sealing element 111 of a 
silicone resin, breakage or exfoliation of tho light emitting 
element 106A (diode 109B), breakage of the wire 109A (109B), 
etc. The temperature cycle test is still continued at the 
time Of filing of the present application. 
30 The inventor also prepared light emitting devices using 

epoxy resins, and carried similar evaluation. As a result, 
epoxy resins cracked near 700 cycles. In this manner, the 
devices using silicone resins have been confirmed to be 
greatly improved in reliability as compared Lo Lhose using 

SO epoxy resins. 

The Inventor also carried out quantitative analysis of 
the stress applied to the semiconductor light emitting 
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element with devices using sil ioone resins and devices uslnq 
epoxy resins, respectively. 

Light emitting devices taken for the analysis were 
prepared by forming a 0.9 mm deep, 2.4 mm diameter, circular 

5 opening in the rcein portion 103 of the package, mounting 
a semiconductor light emitting element 106 at the bottom of 
the opening, and burying a silicone roein of the JISA. hardness 
of 70. Devices as comparative examples were prepared by 
burying an epoxy resin in the similar structure. In both 

10 types of light emitting devices, the semiconductor liqht 
emitting element had the size o£ 200X200 l un and the thickness 
of IDOum. 

While heating and maintaining those light emitting 
devices at 240°C, stress applied to the semiconductor light 
15 emitting element was analyzed at four corners (point. A) of 
the top surface thereof (light emitting surface) and four 
corners (point B) of the bottom surface thereof (mounting 
surface) . Its result is shown below. 



Resin 


Elastic 
Modulus (MPa) 


Stress at 240 (MP*) 


Point A 


Point B 


Epoxy resin 


2372 


3.5X10- 6 


1.1X10" 


Silicone 
rcein 


48 


1.7X10' 6 


7.8X10" 6 



20 

The temperature of 240 U C is the peafc temperature that 
may be applied when the light emitting device is fixed to 
a packaging substrate, for example, by ref low of a solder. 
as shown, when the light emitting device is heated, a stress 
26 corresponding to the thermal expansion of the resin is applied 
to the light emitting element. 

The stress level of 3.5X10"' produced in the epoxy resin 
is the level where breakage of wire will occur before looo 
cycles approximately in the temperature cycle test • in the 
30 temperature range of -40 U C to 110°C, according to the 
statistics of the reliability toot carried out by the 
Inventor . 

In case of the silicone resin, the stress applied to 
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the light emitting element is about, a half the stress given 
by the epoxy resin. Such a small stress is assumed to be the 
reason of realising the remarkably high reliability by 
eliminating cracics of the resin, exIuliaLion of the light 

5 emitting element/ deformation or breakage of wires , and 
absolutely eliminating malfunctions even in the Lemperature 
cycle of 1500 cycles* 

As explained above, it has been continued that the use 
of a silicone resin, in particular, a rubber-like silicone 

10 resin, reduces the possibility of cranks and exfoliation that 
often occurred in conventional epoxy resins , breakage of 
wires, and so on. 

The use of a silicone resin also improves the durability 
against light emitted from the semiconductor light emitting 

IS el ement lUfa or light intruding from the exterior of the light 
emitting device. Epoxy roe ine change in color when exposed 
to light r and even iT it is initially transparent, its optical 
transraittance decreases after long-time use- 

This phenomenon is magnified as the wavelength of light 

20 becomes shorter. For example, in case the cpo>cy resin is 
exposed to ultravi r>l et rays , the originally transparent epoxy 
resin changes in color through yellow, liver to black. It 
may result in a serious decrease of the light extraction 
efficiency. Ultraviolet rays may intrude from the exterior 

25 of the light emitting device. 

Through trials and reviews, the Inventor has found that 
the use of silicone resin leads to a very sati Rf acrfcory result. 
That is, if a silicone resin is used, change or color and 
other types of deterioration do not occur even after it js 

30 exposed to short wavelength light such as ultraviolet rays. 
Therefore, silicone resins contribute to realization of light 
emitting devices exhibiting excellent resistance to light 
and weather. 

in the light emitting device shown in Figs. 1A and IB, 
35 the resin portion 103 may be equipped with optical 
reflectivity. For example, the resin portion 103 may be made 
of 65 or more weight % of a theimoylastic resin and 35 or 
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lees weight % of a fillinq agent. The filling agent contains 
a high-reflective material such as titanium oxide (Ti0 3 ), 
silicon oxide, aluminum oxide, silica or alumiiuu In case 
o£ titanium oxide, itc content ic in tho range from 10 to 
5 1 5* . Because the reflective surface 104 is a part of the resin 
portion containing a diffusing material that reflects light: , 
it can reflect light from the light emitting element 106 and 
the fluorescent element 110 upward to realize a high luminance 
of the light emitting device- If the reflective surface 104 
10 is configured as a paraboloid uf involution, for example, 
the output and the quality of the light emitting device can 
be further improved. 

The scaling element 111 of a silicone resin may *1ro 
contain such a diffusing material diffused Lherein to expand 
15 the luminous distribution property broader. 

Heretofore, detailed explanation has been made about 
materials of the sealing element 111. 

Next made if? detailed explanation about the shape of 
the opening 105 and the layout of leads and chips therein. 
20 In the light emitting device shown in Jr'igs. 1A and IB, 

the opening 105 is approximately elliptical. 

In the opening 105, the lead 101 and the lead 102 are 
isolated. Near the distal end of the lead 101, a slit 101G 
is formed to divide it into the regions 101A and 101B. 
25 Similarly, near the distal end of the lead 102, a slit 102G 
is formed to divide it into the regions 102A and 102B. 

The light emitting element 106A is mounted in the region 
101A with an adhesive such as silver (Ag) paste. The light 
emitting element 106B is mounted in the region 102B similarly 
SO with an adhesive 107 such as silver (Ag) paste. 

From an electrode (not shown) formed on the light 
emiLLincj element 106A f the wire 109A is connected to the 
opposed region 102A- Prom an electrode (not shown) formed 
on the diode 106B, LUe wiie 109B is connected to the opposed 
36 region 10 IB. 

The configuration explained above provides the 
following effects . 
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The elite 10 1G, 102G formed near Hi atal ends or the, leads 
101, 102 separate each of them Into the portion (10lA /; 102B) 
lot mounting the chips 106A, 106B and the portion (10lB,j 102*) 
for bonding the vires 109A, 109B. This conliq oration! keeps 
5 the pui Lion for bonding the wire clean even when silver paste , 
for example, extrudes upon mounting the chip, and thereby 
eliminates defective bonding of wirco. 

Since the invention employs a shape with a longer 
diameter and a shorter diameter such as an approximately 
10 elliptical shape or an approximately elongate-circular shape 
as the shape of the openinq in lieu of an approximately 
circular shape as shown by a broken line in Pig. 1A,! which 
has been used conventionally, it is possible to effectively 
increase the area of the opening 105 and thereby make an ample 
15 space for mounting two or more chips and bonding Lhe wires. 

The approximately elliptical or elongate-eilrcular 
shape of the opening according to the Invention makes it easy 
to locate the liqhl emitting element closest to the Renter 
of the opening. j 
20 Tne use of Lhe approximately elliptical or 

elongate-circular shape of the opening according to the 
Invention also enables the corner portions 103C to be made 
thicker, as a result, the light emitting device maintains 
a sufficient mechanical strength, and it is prevented from 
25 deformation or wires and other kinds of damage even upon 
application of a lateral force duriuq assembly or tests. 

Furthermore, the approximately elliptic<p or 
elongate-circular shape of the opening prevents an increase 
ol the resin guantity filled inside and thereby prevents the 
30 resin stress. As already explained with reference to Fig. 
39 , the resin stress increases as the quantity of resin. f illed 
as the sealing element 111 increases . The invention, hjowever , 
minimizes the increase of the resin quantify and 
oimultancoucly keeps an ample space for locating a plurality 
35 nf rhips. It results in eliminatinq the probljems of 
exfoliation of chips, deformation or breakage of wires due 
to an increase of the resin stress. This effect is obtained 
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as an additional effect by the use of a silicone resin as 

t he Rea ling p. I enrnnt m . 

Moreover , the invention enables mounting of a plurality 

of chips while maintaining the outer dimension of the light 
5 emitting device compact. Therefore, by connecting the 

protective diode 106B in a parallel r opposite direction from 

the light emitting element 106A as illustrated, the invention 

can improve the reliability. In addition/ by combining light 

emitting elements different in emission wavelength, the 
10 device can realize emission of white and other various colors , 

which has been difficult to emit conventionally • 

The slits 101G, 102G formed in the leads 101, 102 

facilitate corners of the lead patterns to be cognized 'inside 

the opening in the piucess ul mounting chips or bonding wires . 
15 Therefore, the invention ensures more accurate mounting 

positions of the chips and more accurate bunding pus L Lions 

of the wires than conventional techniques* 

Heretofore, materials of the sealing element 111, 

ehapee of the opening 105 and layout patterns inside the 
20 opening 105 o± the light emitting device according to the 

first embodiment have been explained with reference to Figs . 

1A and IB. 

Next explained are greater details of individual 
components ot the light emitting device according to the 

25 invention. 

Referring to Pigs. 2 through A r modifications regarding 
the sealing element 111 will be explained. 

Fig. 2 is a cross-sectional view that schematically 
shows the second specific example regarding a sealing element 

30 111 in the light emitting device according to the firet 
embodiment. Among components shown here, the same or 
equivalent components as those already explained with 
reference to Figs. 1A and IB are commonly labeled , and their 
detailed explanation is omitted for simplicity - 

35 The light emitting device IB shown here also includes 

a resin stem 100, semiconductor light emitting element 106 
mounted thereon, and sealing element 111 of a silicone resin 
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provided -co embed the element 106. 

In this embodiment, however, the sealing element 111 
merely embeds the light emitting element 106, and a second 
sealing element 213 of a transparent resin 1 s provided outside 
5 the sealing element 111. 

The second sealing element 213 may be made of an epoxy 
resin, silicone resin or any of other various materials. The 
second sealing element 213 may be colored, and any material 
adaptable to the dye or coloring agent used can be selected. 
10 The second sealing element 213 may contain a diffusing 

material dispersed therein to scatter light, in this case, 
light can be diffused, and broader light distribution 
characteristics can be obtained. 

If a s1l icone resin is used as the Becond sealing element 
15 213, then its close contact with the sealing element 111 is 
enhanced, and the moisture resistance is improved. 

in this specific example, the sealing element 111 made 
of a silicone resin wraps the entirety of the Au wire 109. 
Therefore, a reliable light emitting element free from 
20 breakage of wire due to a resin stress can be realized. If 
the wire partly projects into the second scaling element 213, 
it will readily break dne to a stress produced at the interface 
between the sealiny elements 111, 213. In this specific 
example, however, since the wire 109 is entirely embedded 
26 by the sealing element 111, it is free from breakage. 

Pig. 3 is a cross-sectional vi«w that schematically 
shows the third specific example regarding the sealing 
element 111 in the light emitting device according to the 
first embodiment. Here again,, the same or equivalent 
30 components as those already explained with reference to Pigs . 
1A, IB and 2 are commonly labeled, and their detailed 
explanation is omitted for simplicity. 

Th© light emitting devic-.R 1C shown here also includes 
a resin stem 100, semiconductor light emitting clement 106 
05 mounted thereon, and sealing element 111 provided to embed 

the element 106. 

similarly to the second specific example, the sealing 
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element 111 merely embeds the light emitting element 106. 
In thic specific example, however, the space outside the 
sealing element 111 remains open, without being filled by 
any other sealing element. 
5 Here again, the limitative use of the aealinq element 

111 only to enclose the light emitting element 106 mounted 
at the bottom of the opening 10h contributes to small-sizing 
the emitting portion. Therefore, the luminance increase© f 
and the function of the reflective surface 104 to gather rays 
10 or light is enhanced. 

Especially, in the instant specif ic example, since the 
approximately hemispheric sealing element 111 scrvce as the 
cmiesion point, and the reflective surface 104 surrounds it, 
the same optically converging effect as a conventional lamp 
15 can be obtained. 

Furthermore, similarly to the second specific example, 
since the sealing element 111 embeds the entirety of the Au 
wires 108 , 109 , it. prevents breakage of wire by a resin stress f 
and ensures a high reliability* 
20 Fig- 4 is a cross-sectional view that schematically 

shows the fourth specific example regarding the sealing 
element 111 in the light emitting device according to the 
first embodiment. 

similarly to the first specific example, the light 
25 emitting device ID shown here also includes a resin stem 100 9 
semiconductor light emitting element 106 mounted thereon, 
and sealing element 111 embedding the element 106. 

The embodiment shown here includes a convex transparent, 
element 413 is provided on the sealing element 111 to ensure 
30 the function of gathering rays of light. The transparent 
element 413 may be made of a resin, tor example. Especially, 
a silicone resin is advantageous for decreasing the 
difference of the refractive index from the sealing element 
111 and to reduce Lhe loss by reflection at the interface 
35 with the sealing element 111- 

The convex shape of the transparent element 413 is not 
limited to a cpherical shape- Any appropriate shape nan be 
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selected depending on the required converging ratio or 

luminous intensity profile. 

Next reierrlng to rigs. 5 through 15, come modif icationo 

regarding the shape of the opening 1 05 and the layout pattern 
6 inside the opening 105 will be explained. 

Pig. 5 is a plan view that sehematicaDy shows the fifth 

specific example regarding the sealing element 111 in the 

light emitting device according to the first embodiment. 

Here again, Mm same or equivalent components as those already 
10 explained with reference to Figs . 1A through 4 arc commonly 

labeled, and their detailed explanation is omitted for 

simplicity. 

The light emitting device shown here includes two 
semiconductor light emitting elements 106 , 106C on board. 

16 For connecting two elements in parallel hy using the layout 
pattern Shown here, elements 106A, 106C reversed in 
conduction type may be used. That is, one of them may be 
configured n-side down while the other p-side down. 

If two light emitting elements 106A, 106C are equal in 

20 emi ss i on wavelength, the optical output of the light emitting 
device can be doubled. 

It the light emitting elements are different in emission 
wavelength, the light emitting device can provide light of 
a mixed color. Tn this case, white light can be realized by 

25 combining, fox example, a blue light emitting clement and 
a yellow light emitting element that are chromatically 
complementary . White light can be obtained also by combining 
a red light emitting element and a blue-green 1 1 ght emitting 
element. 

30 Fig. 6 ie a cross-sectional view that schematically 

shows the structure of a semiconductor light emitting element 
usable in the configuration shown in Figs . 1A and IB or Fig . 
5. This structure i« briefly explained here. *rne light 
emitting element 10CA (or 106C) includes a buffer layer 122, 

35 n-type contact layer 123, light emitting layer 124, p-type 
claddinq layer 125 and p-type contact layer 126 sequentially 
stacked on a conductive substrate 121. 
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The liqht exulLLing layer 124 may have a quantum well 
(QW) structure in which barrier layers and well layers are 

stacked alternately. 

The conductive substrate 121 may be made of, for ex ample , 

5 an n-type semiconductor . Respective layers on the substrate 
may be made of, for cxample r III-V compound semiconductor© f 
Ii-XV compound semiconductors , iv-vi compound 
semiconductors and other varioue materials. 

An n-side electrode 127 is provided on the rear surface 

10 or the substrate 121 . On the other hand, formed on the p-type 
contact layer 126 are a translucent p-side electrode 128 and 
a bonding pad 129 of gold (Au) connected to the p-eidc 
electrode 128. Surface of the element is covered by a 
protective film 130 of Si0 2 . 

15 When a voltage ie applied to the n-side electrode 127 

and the p-side electrode 128 of the liqht emiLLing element 
106A (106C) , light generated in the light emitting layer 124 
is released from the surface 131. The emission waveleuqLU 
can be adjusted in a wide range by adjusting the material 

20 and thickness of the light emitting layer. 

The embodiment shown here can realize various emission 
colors by using such semiconductor light emitting elements • 
Fig. 7 is a plan view that schematically chows the sixth 
specific example according to the first embodiment. Hexe 

25 again, the same or equivalent components as those already 
explained with reference to Figs. 1A through 5 are commonly 
labeled, and their detailed explanation ie omitted for 
simplicity. 

The light emitting device shown here includes a 
80 protective diode 106B and a semiconductor light emitting 
element 106D. The light emitting element 106D is formed un 
an insulating substrate, and includes p-side and n-side 
electrodes (not shown) on the front surface. Wires 109B, 
109C extending £rom these electrodes are connected to the 
36 leads 101B, 102B, respectively. The protective riiocie 106B 
and the light emittinq elemeiiL 106D are connected in the 
opposite directions in parallel. 
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Fig. a is a cross-sectional view that shows a structure 
of the semiconductor light emitting element 106D . The device 
shown here is marie toy stacking semiconductor layers on an 
insulating substrate 133. More specifically, sequentially 

5 stacked on the insulating substrate 133 are a buffer layftr 
122, n-type contact layer 123, liqht emit Liny layer 124, 
p-type cladding layer 125 and p-type contact layer 126 . Here 
again, the light emitting layer 124 may have a quantum well 
(QW) structure in which barrier layers and well layers are 

10 StarJet alternately. 

On the n-type contact layer 123 exposed by selectively 
removing the multi-layered stmrrnnre from its surface by 
etchinq , an ii-side electrode 127 is formed. On the other hand, 
formed on the p-type contact layer 126 are a translucent 

is p-slde electrode 128 in form of a Ni/Au thin film having a 
thickness of tens of nanometers and a bonding pad 129 of gold 
(Au) connected to the p-side electrode 128. Surface of the 
element is covered by a protective film 130 of SiOj. 

When a voltaqe is applied to the n-side electrode 127 

20 and the p-sidc electrode 128 of the light emitting element 
106D, intensive emission of light is obtained in the range 
from ultraviolet rays to green color depending on the 
composition and structure of the light emitting layer 124. 
The specific example shown in Fig. 7 can compactly 

9.S aenranmodate both the semiconductor light emitting element 
10GD formed on the insulating substrate and the protective 
diode 106B in a limited space, and can reliably, easily bond 
the predetermined wires 109A through 109C. Moreover, since 
the chips and the wire bonding portion are isolated by the 

30 slits 101G, 102G, defective bonding by extrusion of Lhe 
adhesive can be eliminated. 

fig. 9 is a plan view that schematically shows the 
seventh specific example according to the first embodiment. 
Here again, the same or equivalent components as those already 

30 explained with reference to Pigs. 1A through 7 are commonly 
labeled, and their detailed explanation is omitted for 
simplicity. 



'O2f04)j05H(£) 18*510 J&:0011213JA7 67 0 1 



fcgiKYOWA PATENT, TRY 
26 



R : 3 8 6 



P. 29/82 



The light emitting device shown here also includes the 
protective diode 106B and the semiconductor light emitting 
element 106D . In this specific example, however, the opening 
105 is not elliptical but approximately elonqate-circular . 

fi in the present application, the "elongate circle" means a 
shape, like that of the opening 105 shown in Fig. S, having 
a pair of opposed approximately arc-curved portions and 
connecting these curved portions by substantial ly straigllt 
portions- The curved portions need not be strictly arc- 

10 shaped. That is, the "approximately elongate-circle" 
pertains to a shape made up of a pair of curved portions 
connected by two substantially straight portions- 

In general, the approximately elongate circle is 
advantageous £u< easier processing upon forming the opening 

16 105 in the rcein portion 103 . In addit ion , since four corners 
1 03C are thicker, the liqht twitting device can maintain a 
sufficient mechanical strength against a lateral stress or 
Impulse. 

Furthermore, in the specific example shown here, shapes 
20 of the distal ends or the pair ul leads 101 , 102 are asymmetric. 
That is, the portion 102B for mounting the light emitting 
ftlement 106D on is formed to extend forward toward the center 
of the opening 105 . Thue the light emitting element 1 0 6D can 
be locatfid in the center of the opening 105, and the intensity 
25 profile of the emitted light, i.e. the luminous intensity 
property can be approximated to a uniform or symmetric profile. 
It is also possible to enhance the luminance. "Locating in 
the center" herein means to locate any portion of the light 
emitting element 106D on the central axis of the opening 105. 
30 Needless to say, the specific example shown here may 

use the light emitting element 106A (or 106C) using a 
conductive substrate ae shown in fig. 6 instead of the light 
emitting element 106D. 

Pig. 10 is a plan view that schematically shows the 
35 eighth specific, example according to the first embodiment. 
Here again, the same or equivalent components as those already 
explained with reference to rigs . 1A through 9 are commonly 
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labeled, and their detailed explanation is omitted for 
simplicity. 

The light emittinq device shown here also includes the 
protective diode 106B and the semiconductor light emitting 
element 106D . in this specific example , howevei. , the opposed 
dietal ende of the pair of leads 101, 102 are aligned straight 
instead of being offset. Then the diode 106B and the liqht 
emitting element 106D are mounted at diagonal positions- 

The l ight emitting element 10 6D is formed to be closer 
to Lhe oenLer of the opening 103 than the diode 106D- locating 
the optical axis closer to the center ot the opening 105 
ensures a more uniform luminous intensity property. 

Pig. 1 1 is a plan view that schema*. i cally shows the nintn 
specific example according to the first embodiment. Here 
again, the same or equivalent components as those already 
explained with reference to Fiqs. 1A through 10 are commonly 
labeled, and their detailed explanation is omitted for 
simplicity. 

The light emitting device shown here also includes the 
protective diode 106B and the semiconductor light emitting 
element 106P, and the opposed distal ends of the pair of leads 
101, 102 are aligned straight instead of being offset, in 
this specific example, however, the slits 101G, 102G are 
formed to be offset from each other. This configuration can 
also locate the light emitting element 106D close to the 
center of the opening 105. 

Fiy . 12 is a plan view that schematically shows the tenth 
specific example according to the first embodiment. Here 
again, the same or equivalent components as those already 
explained with reference to Figs. 1A through 11 are commonly 
labeled, and their detailed explanation is omitted for 
simplicity. 

in this specific example, two chips are mounted on a 
eoiamon lead, and they are aligned along the lengthwise 
direction of the opening 105 having an approximately 
elliptical or elongate-circular shape. 

That is, in this specific Rxample, the semiconductor 
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light emitting elements 106A, 106C are mounted side by eide 
on the lead 101, and the wires 109A, 109B are connected to 
the lead 102 in the opposed position with respect to the 
shorter axis of the opening 105. 
5 This arrangement of a plurality of chips along the 

lonqeraxis, i.e. length wise direction, of the approximately 
elliptical or elongate-circular opening lO* is advantageous 
for effective use of the limited space. 

Fig. 13 is a plan view that schematically shows the 
10 eleventh specific example according to the first embodiment. 
Here again, the came or equivalent components as those already 
explained with reference to rigs. 1A through 12 are commonly 
labeled, and their detailed explanation is omitted for 
simplicity. 

15 in this specific example, it is necessary to connect 

a second wire 109f! from the l ight emitting element 106D formed 
on the insulating substrate to the lead 101. For this purpose, 
a slit 101G is formed in the lead 101, and the wire 109C is 
connected across the slit 101G. In this manner, the bonding 

20 region can be isolated from extrusion of the adhesive upon 
mounting the liqht emitting element 106D and the diode 10SB. 

Fig. 14 is a plan view that schematically shows the 
twelfth specific example according to the first embodiment. 
Here again, the same or equivalent components as those already 

2t> explained with reference to rigs. 1A throuqh 13 are commonly 
labeled, and their detailed explanation is omitted for 
simpl icity. 

Also in this specific example, two chips are mounted 
on a common lead. These two chips, however, are disposed 

30 alonq the shorter axis direction of the approximately 
elliptical or elongate-circular opening 15. Then the wires 
109A, 109B are connected to the lead 102 in the opposed 
position with respect to the shorter axis of the opening 105. 
This arrangement of a plurality of chips along the 

05 shorter axis of the approximately elliptical or 
elongate-circular opening 105 is also advantaqeous for 
effective use of the limited space. 
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Pig- 15 is a plan view that schematically shows the 
thirteenth specific trample accordinq to the first embodiment . 
Here again, the same or equivalent components as those already 
explained with reference to Fiqs . 1A Liu. u ugh 14 are coitunonly 
5 labeled, and their detailed explanation is omitted for 
simplicity. 

In this specific example, it is necessary to connect 
a second wire 109C from the light emitting element 106D to 
the lead 101. For this purpose, a slit 101G is formed in the 

10 lead 101, and the wire 109C is connected acmes the fil it. 1 01G. 
In this manner, Lhe bonding region can be isolated from 
extrusion of the adhesive upon mounting the light emitting 
element 106D and the diode 106B. 

Pig. ie ic a plan view that schematically shows the 

15 fourteenth specific example according to the first embodiment. 
Here again, the same or equivalent components ae those already 
explained with reference to Kigs. 1A through 15 are commonly 
labeled, and their detailed explanation ie omitted for 
simplicity. 

20 In the specific example shown here, a slit 101C is formed 

in the lead 101 to divide its distal end into two parts 101A, 
101B. The distal end of the lead 102 is divided into parte 
102A, 102B- These divisional parts extend into the opening 
105. 

25 The light emitting element 106D and the protective* diode 

106B are disposed ou Lhe divisional part 101A of the lead 
101 along the longer axis of the opening 105. 

A wire 109A extending from the diode 106B is connected 
to the divisional part 10 2B of the lead 102. A wire 109B from 

30 the light emir.r.i ng el ement 1 06u i.s connected to the divisional 
part 102A of the lead 102, and the a wire 109C from the light 
emitting element 106n is connected to the divisional part 
101B of the lead 101 across the sliL 101G- 

The chip layout in the specific example shown her* makes 

35 it possible to locate the liqht emitting element 10 6D in the 
center of the opening 105. Additionally, the mode of 
connecting the wire 109C across the sliL 101G can isolate 
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and protect: the bonding region of the wire 109C from exU.usion 
of the adhesive upon mounting the diode 106B and the light 
emitting element 106D. 

(Second Embodiment) 

5 Next explained is a light remitting device including a 

plurality of vertically stacked chips as the second 
embodiment of the invention. 

Fig. 17 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a light 

10 emitting device according to the second embodiment of the 
invention. Here again , the pome or equivalent components as 
those already explained with reference to Figs. 1A through 
16 are commonly labeled, and their detailed explanation is 
omitted tor simplicity. 

15 In this embodiment/ a semiconductor light emitting 

element ] 06F overlies a protective zener diode 106JS. That 
is, the diode 106B is mounted on the lead 101 r and the light 
emitting element 106F is mounted thereon by flip-chip 
maun Ling. Then a wire 109 extends from the diode 106E, and 

20 it is connected to the lead 102 . 

The sealing element 111 is preferably made of a silicone 
resin having a JISA hardness in the range frnm SO to 90 to 
ensure various advantages includinq reliability as already 
explained with reference to the first embodiment. 

2ft Fig. 18a is a cross-sectional view that shows a chip 

portion of the light emitting device according to the second 
embodiment in an enlarged scale. The protective diode 106E 
has a planar structure in which a p-type region 152 is formed 
on the top surtace ot an n-type silicon substrate 150. The 

SO p-side electrode 154 is formed in the p-type region 152, and 
the n-side electrode 156 is formed on the bottom surtace ot 
Lhe substrate 150 . In addition, another n-eide electrode 158 
is formed on the top surface of the diode, and a wiring layer 
160 connecting the upper and lower n-side electrodes 156, 

35 158 is formed to extend on a side surface of the diode 16E. 

A high-reflectance film 162 is rormed on the top surface 
of the diode 106E. The high-reflectance film 162 has a high 
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reflectance against light emitted from the light emitting 
ftl fitneTvt 1 06F. it may be, for example, a metal film, oi a Bragg 
reflection film stacking two or more kinds of thin films 
different in refractive index. 
5 The semiconductor light emitting element 106P include© 

a buffer layer 122 r n-type contact layer 123, n-typ* rsl adding 
layer 132, active layer (lighL emitting layer) 124, p-type 
cladding layer 125 and p-type contact layer 126 sequentially 
stacked on a translucent substrate 138 (illustrated upside 

10 down in Fig* 18A) 9 and also includes an n-eide electrode 127 
and a p-side electrode 128. Light emitted from the active 
layer 124 passes through the translucent substrate 138, and 
extracted upward a« i 1 Instrated - 

In the light emitting element 106F having the 

15 above-explained structure, r«*fipft<rtive electrodes are 
connected to the electrode of the diode i06B by bump contacts* 
142, 144 that may bp. made of, for example, gold (Au) or indium 
(la). 

Additionally, a wire 109 is bonded to the p-side 
20 electrode 154 of the diode 106E and connected to the lead 
102. 

Fiq> 18B is a circuit diagram of an equivalent circuit 
of the light emitting device- By connecting the protective 
diode 106E in parallel with and in Lhe opposite direction 

26 from the light emitting element 106F as illustrated, it is 
possible to protect the light emitting element 10 6F from a 
surge current or static electricity. 

The instant pjnhod i merit vertically stacking the 
protective diode 106E and the light emitting element 10 6F 

30 can locate them in a very narrow space. Therefore, r.n* onr.er 
dimension of the light emitting device need not be enlarged, 
and the conventional resin stem (package) as shown in Figs. 

37A and 37B can be use directly. 

The use of the high-reflectance film 162 on the top 
3h surface of the diode 106E is effective for reflectiug the 
light from the light emitting element 106F toward the 
direction for extraction and thereby improving the light 
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extraction efficiency. Simultaneously , the high- 

r ell Lance film 162 removes the problem that the operation 
of the diode 106E is adversely affected or deteriorated by 
the liyht from the light emitting element 106F. Furthermore, 
5 the use of the high-rcf lcctancc film 162 prevents 
deterioration of the paste 107 coated under the diode 106K 
by light. 

Furthermore , the embodiment shown here can connect! the 
chips to Lhe lead with only one wire. As a result, it 

10 minimizes the problems caused by deformation or breakage of 
wire, and thereby improves the reliability. 

Moreover, the embodiment shown here can provide the bump 
contact 142 with a high thermal conductivity close to the 
light emitting layer 124 of the light emitting element 106F 

15 to provide a heat radiation path via the wire layer 160 . That 
is, it enhances Lhe heat radiation efficiency of the liqht 
emitting element 106F, and thereby realizes a light emitting 
device operative under a wider temperature range and having 
a long-time reliability. 

20 in the present Invention, the site or the high- 

reflectance film 162 ie not limited to the top surface of 
the diode 106K, but the bottom surf ace> of the 1 ight emitting 
clement 106F is also acceptable. Alternatively, the 
high-retlectance film 162 may be inserted between th« diodR 

25 106E and the light emitting element 106F. 

The mul fcl -layp.rp.d Rf.runture of the diode 106E and the 
light emitting 10GF in the opening 105 results in thinninq 
the sealing element 111 so much. There rises the possibility 
of insufficient strength of the sealing element 11 in the 

30 upper part of the chip or a high resin stress. As a result, 
if a conventional epoxy resin is used, there may occur nranks 
in an upper part of the chip or exfoliation or splittinq of 
the chip as shown in Fig. 38. 

The Invention, however f can prevent cracks of the resin 

35 and reduce the resin stress by using a silicone resin as the 
sealing element 111. 

Fvplained below are some modifications of the structure 
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using a silicone rccin as the eealing element - 

Fig* 19 is a cross-sRfitjnnal view that schematically 
shows the second specific example regarding the scaling 
element 111 in the light emitting device aonording to the 
5 second embodiment, Heie again r the same or equivalent 
components as those already explained with reference to Ti gs . 
1A through 18 are commonly labeled , and their de' tailed 
explanation is omitted for simplicity . j 

Similarly to the device shown in Fig. 2, in the device 
10 shown here, the eealing element 111 of a silicone resin jhaving 
a JISA hardness in the range from 50 to 90 merely ejnclose 
the multi-layered structure ol the diode 106E and the light 
emitting element 106F, and a second sealing elRjnp-nt 213 made 
of a translucent resin is provided outside the sealing ejlement 

is in. ; 

This configuration increases the freedom regarding the 
material and the additive material of the second sjoaling 
element 213 while maintaining a high reliability as ailready 
explained with reference to Fig. 2. 

20 Fig. 20 is a cross-RRntinnal view that schematically 

shows a third specific example regarding the sealing cjlcment 
of the light emitting device according to the second 
embodiment- Hei.e again, the same or equivalent components 
as those already explained with reference to Figs • 1A through 

25 151 are commonly labeled, and their detailed explanation is 
omitted for simplicity. j 

in this specific example, similarly to the device shown 
in Fig. 3/ the sealing element 111 of a silicone resinjhaving 
a JISA hardness in the range from 50 to 90 merely enclose 

30 the multi-layered structure of the diode 106B and the light 
emitting element 106F r the outside thereof is open without 

any other sealing element. 

This configuration downsizes the emission portion as 
already explained with reference to Fig. 3, thereby enhances 
35 the luminance, and enhances the light converging function 
of the reflective surface 104 as much as the light converging 
function of a conventional lamp. ! 

I 

I 
I 

! 

L 



'(1^04^50(4) 1 WW fife: 0011 11 S^67Q1 jgiKTOWA PATENT, TKY ^ R : S86 P. 87/8 2 

34 



Fig. 21 is a cross -sectional view that schematically 
shows a fourth specific example of the light emitting device 
according to the second einh"diiu«n1.. Re.re hqn in, Lhe same or 
equivalent components ae those already explained with 
5 reference t.o Figs. U through 20 are commonly labeled, and 
their detailed explanation is omitted for simplicity. 

in this specific example r similarly to the device shown 
in Fig. 4, « convex l.ransl ucenL element 413 is provided on 
the sealing element 111 of a silicone resin having the JISA 

10 hardness in the range trom 50 to 90. The convex translucent 
element 413 functions to converge light- The translucent, 
element 413 may be made of, for example, a resin. A silicone 
resin is especially advantageous for reducing the difference 
in refractive index from the sealing element 111 and to reduce 

15 Lhe loss by r.eflecLiun aL Lhe in Lex. face wi Lh Lite sealing 
element 111. 

The convex shape of rhe translucent element 413 is not 
limited to a hemisphere. Any other appropriate shape may be 
selected depending on the converging ratio or luminous 
20 intensity profile requested. 

Since the second embodiment can locate the light 
emitting element 10GF in the center of the opening 105, the 
optical converging function of the convex translucent element 
413 is maximized. 
25 (Third Embodiment) 

Next explained is a light emitting device as rhe third 
embodiment that is based on the light emitting device 
according to the first or second embodiment but mixes a 
fluorescent element in the sealing element 111 such that the 
30 light from the light emitting element can be extracted after 
wavelength conversion by the fluorescent element. 

Fig- 22 is a cross-sectional view that schematically 
shows a configuration of the substantial part of the light 
emitting device accordinq to the third embodiment of the 
35 invention. Here again, the same or equivalent components 

as those already explained witn rererence to rigs. 1a through 

21 are commonly labeled, and their detailed explanation id 
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omitted for simplicity- 

The light emitting devir* shown here has a general 
configuration similar to Lhat shown in Figs. 1A and IB. Tn 
this embodiment, however, the sealing element 111 rilled in 
the opening 105 contains the fluorescent element 110 that 
absorbs primary light emitted from the light emitting element 
106 and releases secondary light after wavelength conversion. 
Material of the fluorescent clement 110 may be determined 
adequately taking account oi the wavelength of the primary 
light, emitted from the light emitting element 106 , wavelength 
of the secondary light requested, and so on. 

In the light emitting device, the fluorceeent element 
110 may be designed either to convert the wavelenqth of a 
part of the primary light from the light emitting element 
106 into secondary light so as to permit mixed light of the 
non-eonvp.rted primary light and the secondary light to be 
extracted, or to absorb all of the primary light from Lhe 
light emitting element 1U6 such that the secondary light alone 
is extracted substantially. 

In case of the former scheme, if the liyht emitting 
element 106 emits blue light, and fluorescent element 
converts the wavelength of a rart of the blue liqht into yellow 
light, and white light as a result of mixture of the blue 
light and yellow light is extracted. There are, however, 
various other combinations of the primary light and the 
secondary light. To obtain white light, the primary light 
and the secondary light may be complementary. 

The latter scheme that permits only the secondary light 
to be extracted is advantageous for eliminating influences 
of the balance of the primary light and the secondary light. 
That is , this method can remove the problem of change of color 
by deviation or fluctuation of the emission characteristics 
of the light emitting ©lament 106 and the fluorescent element 
110. For example, even when the wavelength of the light 
emiLting element 106 fluctuates among products or shifts due 
to various tactors such as temperature conditions and changes 
with time, influences thereof to each Huorescent element 
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are small, and the balance of the mixed color obtained from 
the fluorescent elements does not change substantially. It 
results in realizing a lighl emitting device having 
remarkably stable Remission characteristics over a wide 

5 temperature range and a long operation time. 

in any o£ Lhese schemes, the fluorescent element 110 
may be cither a singular material or a combination of a 
fluorescent element HOAfor releasing red light, fluorescent 
element HOB for releasing green light and fluorescent 

10 element HOC. tor releasing blue light, in this case, white 
color is obtained. There are, however, various other 
combinations as explained later. 

Fluorescent elements 110 and sealing elements ill 
usable in the third embodiment will be explained below in 

lb greater detail. 

(Re: Fluorescent Element 110) 

The fluorescent element 110 used in the embodiment of 
the invention is a fluorescent material that releases light 
by absorbing ultraviolet light shorter than 400 ran emitted 

20 from the light emitting layer 124 of the light emittinq 
element 106, or a material that releases light by absorbing 
light emitted from another fluorescent element. The 
fluorescent element 110 preferably has a conversion 
efficiency of 1 lumen/watt or more. 

25 White light can be realized by mixing three primary 

colors of red, green and blue, or by mixing any two 
complementary colors. White light by three primary colors 
can be realized by us lay a first fluorescent element for 
releasing blue light by absorbing the primary light from the 

30 light emitting element 106, a second fluorescent clement for 
releasing red light, and a third fluorescent element for 
releasing green .light. 

Alte*«« Lively, white light can be realized by using a 
light emitting element 106 which emits blue light, a first 

3fi fluorescent element which releases red light by absorbing 
the primary light from the light emittinq element, and a 
second fluorescent element which releases green light by 



'02f.04J|05B($) 1 8B#5 3^ JBfe: 001 121U37670 1 



$g:KYOWA PATENT, TKY 
37 



R : 3 8 6 P. 46/82 



10 



IS 



20 



25 



absorfelug the primary light from the light, emitting element, 
and by mixing these primary light and secondary lights. 

White light by complementary colors can be realized by 
combining a first fluorescent: element for releasing blue 
light by absorbing light from the light emitting element 106 
and a second fluorescent element for emitting yellow light 
by absorbing the blue light/ or by combining a first 
fluorescent element for releasing green light by absorb inq 
light from the light, emitting element 106 and a second 
fluorescent element for releasing red light hy absorbing the 
green light. 

Fluorescent elements whose wavelength changes are not 
larger than 50 nm in the temperature range from -40°U to 100"C 
are preferably used to realize a light emitting device 
independent from temperature characteristics of the light 
emitting element. 

The use of fluorceeent elements whose wavelength 
changes do not. exceed 50 nm when the light emitting element 
106 is operated by a drive current in the range from 1mA to 
100mA enables realization of a light emitting device 
independent from changes in emission spectrum caused by the 
drive current of the element.. 

There are the following fluorescent materials that, can 
release blue light. 



ZnS t Ag 

zns t Ag+Figment 
ZnS:Ag, Al 
ZnSsAg, Cm, Ga, Cl 

80 fcnS:Ag+In,0, 

ZnSsZn+ In z O A 

(Ba, Eu)MgAl le O„ 

{Cx, Ca, Ba, ) ie ( PO, ) ,Cl, « Rn 

Sr ie (P0 4 )*Cl,:Eu 
85 (Ba, Sr, Eu)(Mg, Mn)Al 10 O„ 

10 <sr, r.a, Ba, isuj-epo.-Cla 

BaMg 3 Al 16 0 25 s Eu 
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•mere are the lollowi ny riuoi-e'scent elements that can 
release green light. 

5 £nS:CU, Al 

ZnSsCu, AX+Piqmenr 

(3n r Cd)S:Cu, Al 

ZnSsCu, Au, Al f ^pigment 

Y,Al 5 0 13 :Tb 
10 Y 3 (A1, Ga) 5 0 13 ;Tb 

* 2 SiO s :Tb 

Zn e SiO< ;Hn 

(Zn, cd)SaCu 

ZnSsCu 
15 Zn a Si«sMn 

ZnS 5Cu+Zn a Si0 4 ;Mn 

Gd 2 0 2 SsTb 

(Zn, cdJSiAg 

ZnS:Cu r Al 
20 Y 2 0 2 S;Tb 

ZnStCu, Al+in,o 3 
(Zn, Cd)S;AgH ln 3 0, 
(Zn, Mn) 2 SiO« 
BaAl 12 0 A ,,iMn 
2f> (Ba, 3r, Mg)OaAl 3 0 3 ;Mn 

Zn a biC 4 iMn 

3(*a r Mg, KU, MXl)0-8Al 2 O d 
30 La 3 O a -0.2SiO a -0.9P a O s tCe, Tb 

ceMgAlxjO^sTb 

There are the following fluorescent Tnat:er-ials usable 
-bo release red light. 

35 

Y 3 O a S5Eu 

Y 2 0 2 S : Fn I p i gment 



light: emiuJ ny devices can be realized alco by eimilarly using 
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Y a O,:Eu 

Zn s (P0 4 ) 2 :Mn 

<zn, cd)S:Ag+lu,0 3 

(Y, Gd, Eu)BOj 
5 (Y, Gd, KU) a O, 

YV0 4 :Eu 
La 2 0 2 S:En r Sm 

The following fluorescent: material, for example, can 
10 be used for releasing yellow light. 

YAGsCe 



IS 



26 



30 



30 



By using those red fluorescent elements, green 
fluorescent elements and blue fluorescent elements in an 
appropriate adjusted R:G:B ratio, any desired tone can be 
made. For example, white colors from white lamp color to 
white fluorescent lamp color can be realized by one of lei: 1 
through 7«lsl, 1:1»1 through 1:3:1 and 1:1:1 through l:ls3 
in RsGsB weight % ratio. 

When the total weight percent of the mixed fluorescent 
elements is adjusted in the range from 1 weight % to 50 woight % 
relative to the weight of the sealing element containing the 
fluorescent elements, substantial wavelength conversion is 
realized. When it is adjusted in the range of 10 weiqh % to 
30 weight %, a light emitting device with a high luminance 
is realized. 

in case those RGB fluorescent elements are 
appropriately selected and mixed, the tone of the sealing 
element 111 will become white. That is, since the light 
emitting device emitting white liqht looks white also in the 
OFF state, its appearance io good, and a light emitting device 
excellent from the visual and design viewpoints can be 
provided. 

Fluorescent materials usable in the invention are not 
1 i mi ted to inorganic fluorescent materials . High-lnmi nance 
light emitting devices can he realized also by similarly using 
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the 



following organic dye materials. 



10 



16 



20 



25 



30 



xanthene dyea 
oxazine dyes 
cyanine dyes 
xhodamine B (630 nm) 
coumariii 153 (535 nm) 
polyparaphenylene vinyl ene (510 nm) 
comuariu 1 (430 nm) 
coumarin 120 (450 nm) 

tris-(8-hydroxyquinoline) aluminum (Alq3 or A1Q) 

(green light) 

4-di oyanomethylene-2-raethyl-6 (p- 
diraethylaminostyrene)-4H-pyran (DCM) (orange/red light) 

Also when some kinds of dye materials are used, 
individual dye materials can be dispersed in the resin by 
adding respective dye materials into a silicone resin as the 
sealing element and stirring it, and excitation efficiency 
ot dyes can be enhanced. 

According to the embodiment of the invention, various 
colors of light can be realized with the light emitting device 
by combining appropriate materials of the fluorescent el ement 
(including dyes) 110 contained in the sealing element 111. 
That is, any desired tone can be realized by combining red, 
green, blue and yellow fluorescent materials (and dyes). 

On Lhe other hand, the embodiment of the invention can 
also realize stabilization of the emission wavelength, which 
could not attained with conventional semiconductor light 
emitting elements , even by using a single fluorescent e I ement. 
That is, ordinary semiconductor light emitting elements are 
subject to shifting of the emission wavelength depending on 
the drive current, ambient: temperature and modulating 
conditions. In contrast, in the light emitting device 
according to the embodiment of the invention, the emission 
wavelength is remarkably stable, independently of changes 
of th« drive current and temperature by substantially 



■ 
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extracting only Lhe secondary lights emitted from the 
fluorescent elements . 

in addition , the emission characteristics of the light 
emitting device according to the embodiment of the invention 

5 is determined by the characteristics of the additive 
fluorescent element 110 regardless of characteristics of the 
light emitting element 106 , the production yield nan toe 
increased wiLhuuL variances of characteristics among 
different light emitting devices • 

10 (Re: surface configuration of the Sealing Element 111) 

The Inventors have got new knowledge about the surface 
configuration of the sealing element ill through his own trial 
and review about it. 

Figs. 23 A through 23C show schematic diagrams that 

10 illustrate intensity profiles of emitted light depending upon 
the Rurfanft configuration of the sealing element. The 
profile of Pig. 23A is the intensity profile P of light from 
the* light omitting element. 106 using a sealing element ill 
having a flat surface configuration/ the profile of Pig. 23B 

20 is that with a sealing element 111 having a concave surface 
configuration, and Lhe profile of Fig. 23C is that with a 
sealing element 111 having a convex surface conf iguration- 
in comparison with the case of the flat configuration 
shown in Fig. 23 A, the intensity profile,, i-e. orientation 

25 characteristics, of the emitted light of the device having 
the concave surface configuration shown in fig. 23B 
apparently converges in the direction of the vertical axis 
Z. In contrast/ the profile corresponding to the convex 
surface configuration shown in Pig. 23C diverges in the 

30 direction of the xy plane. Its reason miqhL be that Lhe light 
emitted from the fluorescent element contained near the 
convex portion of the sealing element 111 having Lhe convex 
curfacc configuration spreads in the xy plane direction 
whereas the light emitted from the fluorescent elemenL 

36 contained near the surface of the coaling element having the 
concave surface configuration is reflected by the side wall 
reflective surface 104 and contributes to increase the ratio 
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of light traveling in the z-axis direction. 

The surface configuration of the dealing element 111, 
either convex or concave, can be determined by adjusting its 
quantity to be buried. That is, by adjusting the filling 
5 quantity uL the sealing element 111, any desired orientation 
characteristics of the emitted light can be obtained. 

In case a plurality of light emitting devices are 
arranged in parallel as a planar type image display apparatus , 
the convex surface configuration of the sealing element 111 
10 may generate undesirable excited light in receipt of the light 
from adjacent light emitting devices. Therefore, the* 
sealing element 111 preferably has a concave surface 
configuration also in applications of this kind. 

The embodiment of the invention can reliably, ruadily 
15 cope with those requirements by adjustment of the filling 
quantity of the sealing element 111. 

(Res Material of the Sealing Element 111) 

The sealing element 111 is a member containing the 
fluorescent element 110 buried in tho opening 105 to convert 
20 primary light from the light emitting element 106- For this 
purpose, the sealing element 111 is preferably made of a 
material having a larger coupling energy than the energy of 
the primary light from the light emitting element 106. 
Additional I y, it prp.f erahly has the property of transmitting 
25 light after wavelength conversion by Lhe Iluoxesceul eleuieuL 
110. 

If, however, conventional epoxy resins are used as the 
material of the sealing element 11 l f the optical resistance 
to Lhe primary light emitted from the light emitting element 

30 106 may not be sufficiently high. More specifically, in 
receipt of primary light from the light emitting el ement l 06, 
epoxy resins , originally transparent, change in color through 
yellow, liver to black, and it results in a serious decrease 
of the light extraction efficiency. This problem becomes more 

3b serious as the wavelength of the primary light becomes 
shorter. 

Through trials and reviews, the inventors have found 
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that the use of silicone resin leads to a very satisfactory 
result . That is, i± a silicone resin is used, nhange or color 
and other types of deterioration do not occur even after it 
is exposed to light having a comparatively shorter peafc 
5 wavelenqth. By actually usinq silicone resin in a liqht 
emitting device using short-wavelength light as primary light , 
a high reliability could he realized. 

The Inventors have found that come oilicone rocs ins have 

a fairly high transmittance in the wavelength range from ultra 

10 violet through the visible range, in addition, the optical 
transmittance thereof can be kept more than 60% of the initial 
value even after operation of 1000 hours. 

in a manufacturing process of the devin« shown in fig. 
22, silicone resin containing Lhe riuorescent element 110 

15 is coated onto the light emitting element 106 mounted in the 
opening 105 by supplying iL through a narrow nozzle while 
agitating it to uniformly mix predetermined fluorescent 
materials, and it is thereafter hardened. 

In this process , it is preferable to use a silicone resin 

20 having a pre-curlng viscosity around loocp through loooocp 
because it can hold particles of the fluorescent clement 
uniformly dispersed without segregation or segmentation, in 
this manner, light from the excited fluorescent element is 
uniformly^ adequately spread by a fluorescent element having 

26 a large refractive index without being excessively spread 
or absorbed by other fluorescent el ements . Therefore, 1 ight 
is uniformly mixed , and tone irregularity can be prevented. 

The silicone resin used in the embodiment of the 
invention has a hiqh bonding force to the resin portion 103 

30 and a high strength to humidity, and it is unlikely to crack 
even under a temperature stress . Additionally, the silicone 
resin buried in the opening can greatly alleviate the resin 
stress to the light emitting element 106 and the Au wire even 
upon changes of the ambient temperature. 

35 The inventors further developed researches from those 

viewpoints. As a result , it has been found that the use of 
M riihhp-r-l Heft" silicon* r«sin having a high hardness leads 
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to an excellent: result . Hardness o± ordinary si 1 in.nne resins 
ranges from 30 to 40 in JISA hardness value that is the 
hardness ot the JIS standard. Those silicone resins exhibit 
gel-like physical properties, and are physically soft- 
5 Those silicone resins are hereinbelow called "gel-like 
silicone resins. 

In contrast, "rubber-like silicone reeine" have a JISA 
hardness in the range of approximately 50 to 90 . Kpoxy resins 
widely used as the sealing clement materials in conventional 

10 light emitting devices have a JTSA hardnRRs around 95 . 

The Inventors compared and reviewed both -rubber-like 
silicone resins" and "gal- 1 ilea silicone resins", and has got 
the following knowledge. 

When gel^like silicone was used, the fluorescent 

15 element 110 spread in the resin during the supply of a current, 
and there was observed changes of tone. In case of a RGB 
tri-color mixture type, because of a large specific gravity 
of the red (R) fluorescent element, this fluorescent element 
migrated vertically downward, and an increase of the x value 

20 of the chromaticity coordinates was observed* 

Fig. 24 is a graph that shows measured changes at 
chromaticity x with current-supply time. As shown there r in 
case a gel -like silicone resin is used as the material of 
the sealing element 111 , the chromaticity x begins to increase 

25 from near 100 hours of the current supply time, and exhibite 
an accelerative increase beyond 1000 hours, in contrast, in 
case a rubber-like silicone resin is used, no tone change 
was observed even after operation of 10000 hours under raised 
temperatures of the light emitting device due to the electric 

30 supply. It is presumed that the rubber-like silicone resin, 
hard and closely packed, was less likely to pexmit diffusion 
ot the fluorescent element. 

Thus, a degradation or the optical performance can fee 
prevented hy using the rubber-like slilicone instead of the 

35 gel-like silicone. 

On the other hand, when a scattering agent is added 
together with the fluorescent element 110 to the silicone 
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resin ae the sealing element, it is possible to Rnattnt and 
evenly deliver primary light from the light emitting e*leiut±iiL 
106 to the fluorescent particles and to scatter the light 
from "Che fluorescent element 110 so as to realize a uniform 
6 mixture of colors; This contributes to realization of 
desired emission characteristics even with a less quantity 
of fluorescent element 110. 

As explained above, according to the invention, by 
mixing the fluorescent element 110 into the sealing element 

10 111 of a silicon* resin having a specific hardness, emission 
characteristics and reliability can be improved 
significantly . 

The instant embodiment, when applied to the light 
emitting element according to the first and third embodiments 

16 of the invention, ensures the following errects. 

flereinbelow, these specific examples are explained 
with reference to the drawings- 

Figs. 25 through 27 shows devices modified from the 
devices shown in Figs - 2 through 4 to contain the fluorescent 

20 element 110 in the sealing element 111. Here again f the same 
or equivalent r.mnpnnfint.R a* thoRA already explained with 
reference to Pigs. 1A through 24 are commonly labeled/ and 
their detailed explanation is omitted for simpl icity. Tn the 
specific examples shown here, the fluorescent element 110 

25 is a mixture of fluorescent elements 110A, HOB and HOC- 
However f the invention is not limited to this combination, 
but any other appropriate combination is also acceptable. 

in this manner, by combining the fluorescent element 
with the light emitting device incorporating a plurality 

3U chips by making use of the unique opening shape and the unique 
chip layout pattern explained with reference to the first 
embodiment of the invention, it 1s possible to further improve 
Lhe emission piopei Ly and realize emission of any desired 
color- 

35 Fiqs. 28 Lhrouqh 31 shows devices modified from Lhe 

devices shown in Pigs. 17 and 19 through 21 to contain the 
fluorescent element 110 in the sealing element 111. Here 
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again, the same or equivalent components as those already 
explained with reference to Figs. 1A .through 27 are commonly 
labeled, and their detailed explanation is omitted for 
simplicity* Here again, the tluorescent element 110 is a 
5 mixture of fluorescent elements 11 OA, HOD and HOC . Howevex , 
the invention is not limited to this combination, but any 
other appropriate combination is also acceptable. 

In this manner, by combining the fluorescent element 
with the light emitting device incorporating a plurality of 

10 chips by making use of the unique structure of stacking chips 
as already explained with reference to the second embodiment 
of the invention, it is possible to realize a compact light 
emitting device further improved in emission characteristics 
while ensuring a high reliability* 

15 The embodiment shown here is not limited to devices 

combining the fluuxesceiit element with the sealing element: 
111 in the devices according to the first and second 
embodiments of the invention* fXexeiiibeluw, some such other 
specific examples are introduced* 

20 Fig, 32 is a cross -sectional view that schematically 

shows a configuration of the substantial part of a light 
emitting device according to another embodiment of the 
invention. Here again, the same or equivalent components as 
those already explained with reference to Figs. 1A through 

26 31 are commonly labeled, and their detailed explanation is 
omitted tor simplicity. 

The light emitting device shown here also includes a 
resin stem l.nn, a stacked structure including a protective 
diode 106E and a semiconductor light emitting element 106F 

30 mounted thereon, and sealing element 111 embedding the 
stacked structure. The sealing element 111 is made of 
silicone resin having a hardness in a range from 50 through 
90 in JISA value. The florescent element 110 is included in 
the silicone resin. 

35 in the instant embodiment, however, the rp.fi in port inn 

103 has no side wall around the sealing element 111 such that 
the secondary light from the tluorescent element 110 both 



1^7 



'02f04W05ett)18»54» Jift:00112iyiJ 670 1 $§:KYOWA PATENT, TKY A R : 3 8 6 P. 52/82 

47 



upwardly and laterally to realize a wide luminous intensity 
profile. This is suitable for applications expected to 
provide a wide field of view or a wide field of emission - 
Shapes of the sealing clement and the resin stem 100 
5 are not limited to those illustrated. For example, thft 
sealing element may be hemispherical as shown in Fig. 33 , 
and the resin stem 100 may have a resi n portion 10 i configured 
to bury the leads 101, 102 and surround the element with a 
low side wal I . 

10 Fig- 34 is a cross-sectional view that schematically 

shows a configuration of the substantial part of a light 
emitting device according to an embodiment of the invention. 
Here again, the same or equivalent components as thoco already 
explained with reference to Figs. 1a through 33 are commonly 

15 labeled, and their detailed explanation is omitted for 
simplicity. 

Tho light emitting device shown here also includes a 
pair ot leads 101 , 107.. Howp.vpx , the first lead 101 has formed 
a cup portion 601 at the distal end, and the stacked structure 

2U including the protective diode 106E and the light emitting 
element 106F is mounted at the bottom of the cup portion 601. 
Then the wire 109 extending from the diode 10 firc is nonnested 
to the lead 102. The sealing element 111 containing Lhe 
fluorescent element 110 is formed to embed these components. 

25 The sealing element 111 is uidde of silicone resin having a 
hardness in a range from 50 through 90 in JISA value. 

The inner side wall surface of the cup portion 601 serves 
as the reflective surface to reflect the primary light from 
the light emitting element 1U6 upwardly. In receipt of Mm 

30 primary light, the fluorescent element 110 releases secondary 
light of predetermined wavelengths. 

The light emitting device shown here replaces 
conventional lamp- type semiconductor devices, and ic 
operative as a general-purpose liqht emitting device having 

35 a relatively wide field of emission. 

Fig. 35 is a cross-sectional view that schematically 
shows a configuration of the substantial part of a light 
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emitting device according to another embodiment of the 
invent ion . Here again, -the same or equivalent: components as 
those already explained with reference* to Figs. 1A through 
34 are commonly labeled, and their detailed explanation is 
5 omitted for simplicity. 

The light emitting device shown here has a structure 
similar to the light emitting device shown in fig. 34. The 
light emitting device also has a cup portion 601 at the distal 
end of the first lead 101 , and the stacked structure including 

10 the protective diode 1 06K and the 1 ight emitting element 1 06F 
is mounted at the bottom thereof. Then the wire 109 from the 
diode 106F is connected to the lead 102. The sealing element 
ill is made of silicone resin having a hardness in a range 
from 50 through 90 in JISA value. The sealing element 111 

15 cbntaininq the fluorescent element 110 is provided to embed 
those components. 

In Lhe iusLauL embodiment r however, the sealing element 
111 is small-sized, and a transparent element 713 is provided 
to enclose the sealing element 111. 

20 The small-sized sealing element 111 containing the 

fluorescent element 110 diminishes the emission portion and 
increases the luminance. The top surface of the transparent 
element 713 functions as a lens to gather rays of light, and 
makes it possible to extract converged light as well. 

25 The transparent element 7J.3 ennlnsing the sealing 

element 111 isolates the fluorescent element 110 from the 
outside atmosphere and improves its durability against 
moisture and corrosive atmosphere. The transparent element 
may be made of a resin. Especially, an epoxy resin or silicone 

30 resin is advantageous for close contact with the sealing 
element 111 to enhance the resistance to whether and the 
mechanical strength. 

The embodiment shown here is not limited to the 
illustrated example. For example, as shown in Fig. 2fi, the 

35 sealing element 111 containing the fluorescent, element 110 
may be limited only on the cup portion 601 to reduce the size 
of the emission portion and thereby increase Uie luminance. 
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In this celts e # the wire 109 will extend beyond the boundary 
between the sealing clement 111 and the transparent element 
713. However, if the sealing element ill and the transparent 
element 713 are made of eimilar material© , the stress at the 
5 boundary will be minimized and wi 1 1 prevent breakage of wire. 

Heretofore, various embodiments of the invention have 
been explained with reference to specif ia examples. The 
invention , however, is not limited to those examples . Rather, 
the invention should be construed to include various changes 

10 and modifications an ordinary skilled person can make 
regarding, for example, the materials of the fluorescent 
elements , structures and materials of the light emitting 
element, shapes of the leads and the sealing element 111, 
dimensional relations among components, and so on. 

16 While the present invention has been disclosed in terms 

ot the embodiment in order to facilitate better understanding 
thereof, it should be appreciated that the invention can be 
embodied in various ways without departing from the principle 
of the invention. Therefore, the invention should be 

2U understood to include all possible embodiments and 
modification to the shown embodiments which can be embodied 
without departing from the principle of the invention as set 
forth lu the appended claims. 



